Our research was focused on the evaluation of bergenin content and free radical scavenging activity of extracts prepared from three different species of Bergenia -B. crassifolia (L.) Fritsch., B. ciliata (Haw.) Sternb. and B. x ornata Stein. collected during different seasons. Using an HPLC method, the highest total amount of bergenin was revealed in the leaves of B. x ornata and B. crassifolia (4.9 -5.1 mg.g -1 ). Free radical scavenging power was determined by two methods -FRAP and NADH. The best free radical scavengers were B. crassifolia (FRAP: 6.7 -15.9 mg GAE.100g -1 ; NADH: 20.3 -50.9%) and B. ornata (FRAP: 13.7 -15.2 mg GAE.100g -1 ; NADH: 29.3 -31.1%). The lowest content of bergenin and the weakest radical scavenger was B. ciliata (bergenin: 3.1 mg.g -1 ; FRAP: 5.5 -11.0 mg GAE.100g -1 ; NADH: 23.2 -25.6%). The presence of a large percentage of bergenin is responsible for the radical scavenging activity, as shown by the results from the FRAP and NADH assays. Significant, positive correlation was found between bergenin content and radical scavenging activity in both methods.
Bergenin is a C-glucoside of 4-O-methyl gallic acid isolated from Bergenia crassifolia (L.) Fritsch., B. ligulata Yeo, B. stracheyi Engl., Mallotus japonicus Müll. Arg., Ardisia japonica Blume, Flueggea virosa Roxb. ex Willd, Sacoglottis uchi Huber and Astilbe chinensis Franch. et Savat. [1] [2] [3] [4] [5] . Some of these plants are popularly used for the treatment of several hepatic problems in oriental folk medicine. This isocoumarin, also isolated from several vegetable species, shows anti-inflammatory, anticancer, anti-HIV, anticoagulant, antimalarial and other activities. The antioxidant properties can be demonstrated by its protective activity against the hepatotoxicity (induced by either carbon tetrachloride or galactosamin) [2] . Bergenin is also a good free radical scavenger and presents excellent antioxidant activity [6] .
Bergenia is an evergreen perennial herb growing in Nepal, India, Pakistan and some other countries. In traditional ayurvedic medicine it is used for the treatment of several diseases (kidney stones, infection, and fever). All Bergenia species have promising therapeutic potential. The main active compounds of these plants are phenols, flavonoids, tannins, bergenin and arbutin [7] [8] [9] [10] .
This study was focused on the evaluation of bergenin content and free radical scavenging potential of extracts prepared from three different species of Bergenia -B. crassifolia, B. ciliata and B. x ornata collected during autumn and spring of 2012 and 2013.
The total amount of bergenin in green leaves, based on the method used by Reddy et al. [11] and Singh et al. [12] , with some modification, expressed in mg.g -1 DW ranged from 0.5 (±0.3) to 5.1 (±0.1) for B. crassifolia, from 4.4 (±0.1) to 4.9 (±0.3) for B. x ornata, and from 0.6 (±0.1) to 3.1 (±0.1) for B. ciliata. As shown in Figure 1 and 2, bergenin correlated well with the free radical scavenging activity.
As is apparent from the work of Reddy et al. [11] , the content of bergenin in B. ligulata ranged from 1.3 (in leaves) to 9.1 mg.g -1 (in rhizomes). The content of bergenin in the petiole and leaf was less than 8 times that found in the rhizomes. Singh et al. [12] revealed higher bergenin content in the rhizomes of B. stracheyi and B. ciliata (32.7 -32.8 mg.g -1 ) than in B. ligulata (24.2 mg.g -1 ). Also Dhalwal et al. [14] found that rhizomes of B. ciliata contain higher amount of bergenin than other parts of the plant (from 1.4 in leaves to 7.2 mg.g -1 in rhizomes). Our results showed higher content of bergenin in the leaves than that recorded by Reddy and Dhalwal et al. Furthermore we have found the highest content in B. crassifolia and B. x ornata, with a lower amount in B. ciliata. Different results for bergenin content can be influenced by the harvesting time of plants. Our previous study demonstrated that phenolic content is directly correlated with the meteorological data [13] . In this study it was found that plants collected during autumn contain higher amount of bergenin than those collected in spring (Table 1 ). and radical scavenging activity in FRAP test (expressed in mg GAE.100g -1 ) for all tested Bergenia samples.
FeCl 3 /K 3 Fe(CN) 6 system changes to various shades of green and blue, depending upon the reducing power of each extract. Greater absorbance at 700 nm indicates greater reducing power. The reducing capacity may be used as an indicator of the potential antioxidant activity [15] . The reducing power of B. crassifolia extract was compared with standards at different concentrations ( Figure 3 ). As standards, ascorbic acid and Pycnogenol ® were used. Ascorbic acid displayed a higher reducing activity compared with Bergenia extract. The presence of a large percentage of phenolic compounds is responsible for the radical scavenging activity, as shown by the positive and significant correlation (p < 0.05) between bergenin content and radical scavenging activity (R 2 = 0.939) in Figure 2 .
The extracts of the three tested Bergenia species showed different values of free radical scavenging activity at the same concentration (0.5 mg.mL -1 ) in the FRAP assay ( Table 1 ). The best free radical scavengers were B. ornata (13.7 -15.2 mg GAE.100g -1 ) and B. crassifolia (6.7 -15.9 mg GAE.100g -1 ).
The NADH radical scavenging assay was the second method used for the evaluation of radical scavenging properties. The influence of Bergenia extracts on the generation of superoxide was determined by spectrophotometric measurement of the product on reduction of nitro blue tetrazolium [16] . Scavenging of superoxide by B. crassifolia extract was compared with standards at different concentrations (Figure 4 ). The radical scavenging activity of B. crassifolia was lower than that of ascorbic acid and Pycnogenol ® . All tested extracts demonstrated different scavenging activities at the same concentration (0.5 mg.mL -1 
Sample preparation and HPLC conditions:
HPLC analyses of bergenin were made according to the method of Reddy et al. [11] and Singh et al. [12] with some modification. The dried and powdered leaves of three Bergenia species (0.6 g) were extracted with 2 x 20 mL methanol in a boiling water bath under reflux. The extracts were filtered and shaken with 2 x 30 mL light petrol and evaporated. All samples were filtered through nylon membrane filters (0.5 μ) prior to analyses. The analysis was performed with an HPLC Hitachi, multisolvent system with a L-7400 UV detector, and Waters C18 column (250 x 4.6 mm i.d., 5 μm). Elution was with a Bergenin evaluation of Bergenia genus Natural Product Communications Vol. 10 (7) 2015 1275
linear gradient of water: acetonitrile: phosphoric acid from 94:5:1 to 69:30:1 in 20 min at a flow rate of 1.0 mL.min -1 . Separations were carried out at 25°C with an injection loop of 20 μL. The detector was operated at 200 nm. Each solution was chromatographed in triplicate. Peaks were identified by comparison of retention times and UV absorption spectra with those of standard (0.2 mg.mL -1 ). The amounts of bergenin were determined by use of calibration plots established by chromatography of a bergenin standard at 7 different concentrations ranging from 0.0125 to 0.2 mg.mL -1 .
Antioxidant activity -FRAP radical scavenging:
The reducing power of the extracts (ferric reducing antioxidant power) was monitored according to the method of Krakar [17] , with some minor modification. Powdered herbal material (1 g) was extracted with water (10 mL) in a boiling water bath for 30 min. Following that, the mixtures were centrifuged and filtered. The water extracts were diluted in 50% methanol to final concentrations of 1, 0.5, 0.3, 0.25 and 0.125 mg.mL -1 . Then, 125 µL of phosphate buffer (pH 7.0) and 250 µL of 1% solution of K 3 Fe(CN) 6 were added to 125 µL of either each sample solution or gallic acid (control), and allowed to react in an incubator at 50°C for 20 min. Then, 125 µL of 10% TCA and 500 µL of distilled water were added. The first absorbance of the mixtures was measured at 700 nm. Then, 125 µL of 0.1% FeCl 3 solution was added and the second absorbance was measured, again at 700 nm. Radical scavenging activity for FRAP free radical (RM) was calculated using the following equation:
where A control is the absorbance of gallic acid control (0.01 mg. mL -1 ), and A sample is the absorbance of the extracts. FRAP activity of extracts was calculated as gallic acid equivalent (mg GAE.100g -1 ).
Antioxidant activity -NADH radical scavenging:
Superoxide anion radical scavenging activity was monitored according to the method of Krakar [17] , with some modification. Powdered herbal material (1 g) was extracted with water (10 mL) in a boiling water bath for 30 min. Following that, the mixtures were centrifuged and filtered. The water extracts were diluted in phosphate buffer to final concentrations of 1, 0.5, 0.3, 0.25 and 0.125 mg.mL -1 . Then, 500 μL of 156 μmol.L -1 solution of NBT and 468 μmol.L -1 solution of NADH (in 0.1 mol.L -1 phosphate buffer, pH 7.4) were added to 50 μL of either each sample solution or control (water). Then, 50 μL of 60 μmol.L -1 solution of PMS was added. After 5 min incubation at room temperature, the absorbance was measured at 560 nm. The percentage of inhibition of superoxide was calculated using the following equation:
where A control is the absorbance of water control, and A sample is the absorbance of the extracts.
Statistical analysis:
The experiments were performed in triplicate.
The results are expressed as mean ± SD. Correlation analysis and linear regressions of bergenin content with the free radical scavenging activity were made using a GraphPad Prism 6 program. A value of p < 0.05 was considered to indicate statistical significance.
